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Novel detection methods for Cryptosporidium 

The present invention relates to a method for detecting microorganisms of the 
genus Cryptosporidium and more particularly Cryptosporidium parvum. 

The protozoan parasite Cryptosporidium parvum is recognised as an important 
5 cause of diarrhoeal illness primarily in infants and young children, (although 
immunologically healthy adults are susceptible) and is associated with persistent 
diarrhoea and severe illness in malnourished children. It is also a serious 
opportunistic pathogen in immunocompromised individuals, causing severe and 
unremitting diarrhoea that is often intractable to therapy. Chronic 
10 cryptosporidiosis is reported in as many as 10% of persons with AIDS in the 
United States and there are currently no effective therapeutic strategies for 
treating Cryptosporidium infection. 

Waterborne transmission of this enteric parasite is a major concern. The 
infective stage (oocyst) of Cryptosporidium is transmitted by the faecal-oral 

15 route, with infected individuals excreting Cryptosporidium oocysts. Animals as 
well as humans may serve as sources of environmental contamination and 
human infection. The oocyst is environmentally stable and is able to survive and 
penetrate routine wastewater treatment and is resistant to Inactivation by 
drinking water disinfectants. There are several species of Cryptosporidium but 

20 Cryptosporidium parvum is believed to cause the majority of mammalian 
infections. Cryptosporidium parvum oocysts are resistant to chlorination 
procedures normally used for water treatment, and contamination of water 
supplies can cause massive outbreaks of the disease such as the 1994 outbreak 
of cryptosporidiosis in Milwaukee resulting in diarrhoeal illness in an estimated 

25 403,000 people. 

In the absence of effective drugs to treat this ubiquitous infection, the control and 
clinical management of cryptosporidiosis depends upon rapid, accurate and 
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sensitive diagnosis of the presence of the parasite, both in clinical specimens 
and environmental samples. 

Clinical diagnosis of Cryptosporidium is time consuming, insensitive and 
generally requires the skills of highly trained operators. It has recently been 
5 reported that the detection limits of conventional diagnostic techniques for 
Cryptosporidium were as low as 50,000 oocysts per gram of faeces and that 
mean oocyst losses ranged from 51.2% to 99.6%. Further, the most commonly 
used coprodiagnostic techniques may fail to detect cryptosporidiosis in many 
immunocompromised and immunocompetent individuals. Immunological-based 

10 detection methods using immunofluorescence assays, enzyme-linked- 
immunosorbent and immunofluorescent-based diagnostic tests have been 
developed, several of which are now commercially available. Enzyme-linked 
immunoassays, although quick and easy to perform, generally show low 
sensitivity ranging from 3 x 10^ to 1 x 10^ oocysts per gram of faeces and 

15 monoclonal antibodies have the ability to bind to other microorganisms, i.e., to 
stain nonspecifically. In addition, Cryptosporidium isolates have been shown to 
exhibit a great deal of antigenic variability and therefore diagnostic antibodies 
may not recognise all isolates. 

Environmental detection of Cryptosporidium generally involves filtering large 
20 volumes of water and examining it microscopically for Cryptosporidium oocysts 
by various staining or immunolabelling techniques. However, the efficiency of 
oocyst recovery may be as low as 1.3 to 5.5%. Recently, an afternative means 
of harvesting oocysts by calcium carbonate flocculation has been described with 
improved recovery ranging from 68% to >80%. Specialised flow cytometry and 
25 cell sorting techniques have also been developed to detect oocysts in water 
samples with greater sensitivity than conventional fluorescence microscopy. 
Although these methods are significantly more sensitive and considerably faster 
than conventional methods, they are costly and still require the skills of highly 
trained technical operators. 
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The development of the polymerase chain reaction (PGR) has permitted specific 
and sensitive detection of pathogens for clinical diagnosis and environmental 
monitoring. Diagnostic PGR primers have been described for the detection of 
Cryptosporidium. However, these primers suffer from a lack of sensitivity and 
6 are only able to detect at best approximately 200 Cryptosporidium oocysts 
reliably under optimum conditions. Further, most of the primers selected to date 
have only been tested on a small number of Cryptosporidium isolates and none 
of them have been tested directly on faeces. Thus, there exists a need for a 
sensitive detection method which is capable of Identifying the presence of 
10 Cryptosporidium in faeces and environmental samples. 

Given the severity and untreatable nature of Cryptosporidium Infection in 
persons with AIDS, early detection of Cryptosporidia! infection in HIV-infected or 
AIDS patients who may be shedding low numbers of oocysts becomes 
increasingly important. A rapid, sensitive assay requiring little or no expertise on 
15 the part of the operator would be of great benefit in the early detection of 
asymptomatic or mild cryptosporidial infection in AIDS patients. It would improve 
clinical management of the disease with the option of initiating chemotherapy 
before the onset of symptoms, which may result in fewer cases progressing to 
severe, and often chronic, infections of this parasite. 

20 The present invention provides nucleotide sequences which may be utilised in 
diagnostic assays to analyse samples for environmental contamination by 
Cryptosporidium oocysts and for the diagnosis of Cryptosporidium infections in 
patients. 

Thus, the invention consists of a purified and isolated Cryptosporidium DNA 
25 sequence comprising the nucleotide sequence; 

GATGGTACTGGATAGATAGTGGAAGTCCCGTATCAGTTCGAGATTCTGAAATTAATTGG 
ACATCT^GTTATAAAGCAAGCTGGTTATTAAGATTCAAATTTCCCTTTGAAAAGTGTGG 
CTTTTTTGATATTGGAGGGTTAGGAAGAAGGCCGTGTTGGCTTATAGATTCTGAGCTTT 
CTTGTGCAGTTTGTGGTACAGTAGCTTATGATTCTGGTGGGCTGAATCCCAATAAATAT 
30 TCAGAGCTT^TTAAGCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATCTTCC 
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AGGTTACAATAATTTGAACTGTACAGATGCTTGGGAGAATAATTTATCAGTTGGTCTTT 
GTCAAAATGTCTCAAATATCCTGGACTCAGCTTGGAGCTCGTATCAGAGTTCGTTAAAC 
TTTCCTAGTATCAACTTTAACTGGAAAGAGGATTCAACTAACGAAGGAGGGGACCAAGT 
TTACCATAATTCTTATTTGGATCTTCCAAGGTATAAGCAGAAGAAAACATTTTATTGGG 
5 ATCAGGATCCAGGTACTATTCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTT-AAGC 
GCTCAACCAACATACCATCCTTTGGATAGAAGCTCATCTGGAAGTTTTGAGTCTGATAG 
TACAGAATCCGGGCGTGCGAATGAAGAAAGAAACGATAC 

Preferably, the present invention consists of a method for detecting and/or 
identifying the presence of Cryptosporidium genomic material in a sample, said 
1 0 method comprising the steps of: selecting at least a primer or probe derived from 
the above mentioned nucleotide sequence; and then using that primer or probe 
to detect and/or identify the presence of Cryptosporidium genomic material. 

From the above nucleotide sequence, oligonucleotides can be prepared which 
hybridise with the Cryptosporidium genome. The oligonucleotides may be used 
15 either as a primer(s) or as a probe(s) to detect the Cryptosporidium genome. 
Preferably, the primer(s) or probe(s) are specific for microorganisms of the 
species Cryptosporidium parvum. 

The primer{s) or probe{s) for Cryptosporidium are preferably z1 a length which 
allows for the specific detection of such microorganisms. Primer{s) or probe(s) 
20 which are 5 to 8 nucleotides in length should be suitable for detecting the 
Cryptosporidium genome. Preferably, sequences of 10 to 50 nucleotides may 
be used as primer(s) or probe(s). More particulariy, sequences of about 15 to 25 
nucleotides may be used in the identification protocols, and about 20 to 24 
nucleotides appear optimal- 

25 Primer(s) or probe(s) can be selected and prepared using routine methods, 
including automated oligonucleotide synthetic methods. A complement to any 
unique portion of the above nucleotide sequence may be used as a primer(s) or 
probe(s) provided that it specifically binds to the Cryptosporidium genome. 
When used as primer(s) or probe(s) complete complementarity is desirable. 
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though it may be unnecessary as the length of the fragment is increased. 
Among useful primer(s) or probe(s) for selecting and/or identifying 
Cryptosporidium isolates are, for example, the following sequences: 





(i) 


5' GGTACTGGATAGATAGTGGA 3' 


5 


(ii) 
(iii) 


5' TCGCACGCCCGGATTCTGTA 3' 
5' AGTCCCGTATCAGTTCGAGA 3' 




(iv) 


5' ACTGGATAGATAGTGGAAGT 3' 




(V) 


5' TTTCTTTCTTCATTCGCACG 3' 






5' GTGGAAGTCCCGTATCAGTC 3' 


10 




f^* Ar(^rrrf;nATTrT(^TArTAT 3* 


















PTnAAATTAATTC^GACATCA 3* 






P^' PTZXPT ATP Ar;APTPA AA APT ?l' 


1 o 




ir» r"T*Pr2T2iPTPP2iT21(^2iTZiPTP 




(XIII) 


C» r^rp 7\ ip/^r~'mmfp/^mrTirnp«rpm/^ 7\rn O' 

O olAiUoi X iUi X iUi i O 




(XIVJ 


C» TTT'TZlPTrT'ZiTZiPZiTZi.PTPP 






c' T ATPGTTTPTTTPTTPATTP 3' 

O X /T. X vjj XXX X X J. V-* X X \_»rT. x x w 






5' TAGATAGTGGAAGTCCCGTA 3' 


20 




5' TCTTCATTCGCACGCCCGGA 3' 




I Ak Villi 


5* ATAGTGGAAGTPCCGTATCA 3' 




(XIX) 


5 TTTCTTCATTCGCACGCCCG d 




(XX) 


5' CTGGATAGATAGTGGAAGTC 3' 




(xxi) 


5* CGTTTCTTTCTTCATTCGCA 3' 


25 


(xxii) 


5' TAATTGGACATCAAGTATAA 3* 




(xxiii) 


5' GTACTATCAGACTCAAAACT 3' 




(xxiv) 


5' TCTGAAATTAATTGGACATC 3' 




(xxv) 


5* CTTCCAGATGAGCTTCTATC 3' 




(xxvi) 


5' GGTGGTACTGGATAGATAGT 3* 


30 


(xxvii) 


5' GGTATCGTTTCTTTCTTCAT 3' 




(xxviii) 


5' GAGATTCTGAAATT7VATTGG 3* 
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(xxix) 


5* GTTGGCTTATAGATTCTGAGC 3* 




(xxx) 


5' GGTTATTAAGATTCAAATTTCC 3' 




(xxxi) 


5' TCCCGTATCAGTTCGAGATTCTG 3' 




(xxxii) 


5' CGAACTCTGATACGAGCTCCAAGC 3' 


5 


(xxxiii) 


5' ATTCGAGATTCTGAAATTAATTGG 3' 




(xxxiv) 


5' GAATAGTACCTGGATCCTGATCCC 3' 




(xxxv) 


5' GATATTGGAGGGTTAGGAAGAAGG 3' 




(xxxvi) 


5' CTGTACAGTTCAAATTATTGTAACC 3' 




(xxxvii) 


5* GACTGATGAAATTATTAGTAAAGAGC 3' 


10 


(xxxviii) 


5' CCTCCTTCGTTAGTTGAATCCTC 3' 




(xxxix) 


5' TCGCACGCCCGGATTCTGTA 3' 




(XI) 


5' CAGTTCAT^TTATTGTAGCC 3' 




(xli) 


5' GTTCGAGATTCTGAAATTAATTGG 3' 




(xlii) 


5' GTCCCGTATCAGTTCGAGATTCTG 3' 


15 


(xiiii) 


5' GGAGGGTTAGGAAGAAGGCCGTG 3' 




(xliv) 


5' GCTTGGGAGAATAATTTATCAG 3* 




(xlv) 


5' GGGATCAGGATCCAGGTACTATTC 3' 




(xlvi) 


5* GTATCGTTTCTTTCTTCATTCGC 3' 




(xlvii) 


5' GGACCAAGTTTACCATAATTC 3' 


20 


(xlviii) 


5' GGAGAATAATTTATCAGTTGGTC 3' 




(xlix) 


5* CAAGGTATAAGCAGAAGAAAAC 3' 




(1) 


5' CGCACGCCCGGATTCTGTACTATC 3' 




(li) 


5' ATGTCTC7VAATATCCTGGACTCAG 3' 




(Hi) 


5' GTACTGGATAGATAGTGGAAGTC 3' 


25 


(liii) 


5' CACGGCCTTCTTCCTAACCCTCC 3* 




(liv) 


5' GGAAGTCCCGTATCAGTTCGAG 3* 



Before the above probe(s) or primer(s) are used to detect and/or identify 
Cryptosporidium isolates in diagnostic methods such as those discussed herein, 
the sample to be analysed, such as a faecal sample, is preferably treated to 
30 extract the nucleic acid material contained therein. The resulting nucleic acid 
material from the sample may then be subjected to gel electrophoresis or other 



wo 97/02281 PCT/AU96/00387 

-7- 

size separation techniques; the nucleic acid material may be blotted without size 
separation; alternatively, the sample may be tested without being subjected to 
such techniques. Whether size separation is employed in the identification 
protocol will depend on the type of assay being used. For example, size 
5 separation may be useful in hybridization assays. 

Depending on the detection method which is employed to detect and/ or identify 
the presence of Cryptosporidium isolates in a sample, the probe(s) or primer(s) 
may be labelled. Suitable labels and methods for labelling probes and primers 
are known in the art. For example, probes or primers may be labelled using 
10 radioactive deoxynucleotide labels incorporated by nick translation or end 
labelling, biotin labels, fluorescent labels or chemiluminescent labels may also 
be used. Alternatively, Cryptosporidium specific polynucleotides may be 
detected on agarose or poly acrylamide gels using, for example, ethidium 
bromide/UV visualisation or by silver staining techniques. 

15 In one detection method, Cryptosporidium specific polynucleotides extracted 
from the sample may be treated with a labelled probe under hybridisation 
conditions of suitable stringencies. Usually high stringency conditions are 
desirable to prevent false positives. The stringency of hybridisation is 
determined by a number of factors during hybridisation and during the washing 

20 procedure, including temperature, ionic strength, length of time and 
concentration of reactants. A person of ordinary skill in the art would understand 
how these factors may be used together to modify the stringency of 
hybridisation. 

Generally, it is expected that Cryptosporidium DNA will be present in samples 
25 from infected individuals and particulariy in environmental samples at low 
concentrations- This level may dictate the need for amplification of the nucleic 
acids before they can be detected. Such amplification techniques are known in 
the art. 
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A method that is particularly preferred for detecting Cryptosporidium DNA is 
based on a PGR type test wherein a set of primers which are highly specific for 
Cryptosporidium DNA are used to amplify Cryptosporidium DNA present in a 
sample. The presence of the resultant product can then be detected using, for 
5 example, ethidium bromlde/UV visualisation or by silver staining techniques. 
Alternatively, colourimetric detection of the PGR products using biotinylated 
primers could be employed to save time and to eliminate the need for agarose 
gel electrophoresis. Such an assay could also be modified to suit a 96 well 
microtitre format for bulk processing of samples, 

10 Thus, in one embodiment the invention provides a method of detecting and/or 
identifying microorganisms of the genus Cryptosporidium comprising the steps 
of: 

(i) selecting at least a set of primers from the above nucleotide sequence 
which are specific for Cryptosporidium DNA; 
15 (ii) mixing the primers with a sample suspected of containing 

Cryptosporidium DNA; 

(iii) amplifying any DNA to which the primers in step (ii) anneal by the 
polymerase chain reaction; and 

(iv) detecting the presence of the product of step (iii). 

20 Although the above method has general application to one or more species of 
Cryptosporidium, preferably the primers which are selected in step (i) are highly 
specific for Cryptosporidium parvum. 

Primer pairs which may be suitable for detecting Cryptosporidium parvum are 
preferably selected from the following sequences. In each primer set described 
25 the first mentioned primer represents the forward primer and the second 
mentioned primer represents the reverse primer. 

' (i) 5' ACTGGATAGATAGTGGAAGT 3* 

5* TTTCTTTCTTCATTCGCACG 3' 
(ii) 5* GTGGAAGTCCCGTATCAGTC 3* 
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5' ACGCCCGGATTCTGTACTAT 3' 
(Hi) 5' GATAGATAGTGG/yVGTCCCG 3' 

5' ACGCCCGGATTCTGTACTAT 3' 
(Iv) 5' CTGAAATTAATTGGACATCA 3' 

5 5' GTACTATCAGACTCAAAACT 3' 

(V) 5' GTGGTACTGGATAGATAGTG 3' 

5' GTATCGTTTCTTTCTTCATT 3' 
(Vi) 5' TGGTACTGGATAGATAGTGG 3' 

5' TATCGTTTCTTTCTTCATTC 3' 
10 (Vii) 5' TAGATAGTGGAAGTCCCGTA 3' 

5' TCTTCATTCGCACGCCCGGA 3' 
(Vili) 5' ATAGTGGAAGTCCCGTATCA 3' 

5" TTTCTTCATTCGCACGCCCG 3' 
(ix) 5' CTGGATAGATAGTGGAAGTC 3' 

15 5' CGTTTCTTTCTTCATTCGCA 3' 

(X) 5' TAATTGGACATCAAGTATAA 3" 

5' GTACTATCAGACTCAAAACT 3' 
(Xi) 5' TCTGAAATTAATTGGACATC 3' 

5' CTTCCAGATGAGCTTCTATC 3' 
20 (Xii) 5' GGTGGTACTGGATAGATAGT 3' 

5' GGTATCGTTTCTTTCTTCAT 3' 
(Xiii) 5' GGTACTGGATAGATAGTGGA 3' 

5' TCGCACGCCCGGATTCTGTA 3' 
(Xiv) 5' GAGATTCTGAAATTAATTGG 3' 

25 5' CCTCCTTCGTTAGTTGAATCC 3' 

(XV) 5' GTTGGCTTATAGATTCTGAGC 3* 

5' CAGTTCAAATTATTGTAGCC 3' 
(XVi) 5' GAGATTCTGAAATTAATTGG 3' 

5' CAGTTCAAATTATTGTTy^CC 3' 
3Q (xvii) 5' GTTGGCTTATAGATTCTGAGC 3' 

5' CCTCCTTCGTTAGTTGT^TCC 3' 
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10 



15 



25 



30 



(xviii) 



(xix) 



(XX) 



(xxi) 



(xxii) 



(xxiii) 



(xxiv) 



(xxv) 



(xxvi) 



(xxvii) 



(xxvili) 



(xxix) 



(xxx) 



(xxxi) 



(xxxii) 



(xxxiii) 



5' TAATTGGACATCAAGTTATAAAGC 3' 
5* GGAAGATCC7V7U\TAAGAATTATGG 3' 
5' GGTTATTAAGATTCAAATTTCC 3* 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5* TCCCGTATCAGTTCGAGATTCTG 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' GTTCGAGATTCTGAAATTAATTGG 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3* 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5* GGTTATTAAGATTCAAATTTCC 3' 
5* CGAACTCTGATACGAGCTCC7^J\GC 3' 
5' TCCCGTATCAGTTCGAGATTCTG 3' 
5' GAATAGTACCTGGATCCTGATCCC 3' 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5' GAATAGTACCTGGATCCTGATCCC 3' 
5* GGTTATTAAGATTCAAATTTCC 3* 
5* GAATAGTACCTGGATCCTGATCCC 3' 
5' TCCCGTATCAGTTCGAGATTCTG 3' 
5' GGAAGATCCAAATAAGAATTATGG 3' 
5' GTTCGAGATTCTGAAATTAATTGG 3' 
5' GGAAGATCCAAATAAGAATTATGG 3' 
5' GGTTATTAAGATTCAAATTTCC 3* 
5' GGAAGATCCAAATAAGAATTATGG 3* 
5' ATTCGAGATTCTGAAATTAATTGG 3* 
5' GAATAGTACCTGGATCCTGATCCC 3' 
5* GATATTGGAGGGTTAGGAAGAAGG 3' 
5' CTGTACAGTTCAAATTATTGTAACC 3* 
5' GACTGATGAAATTATTAGT7W\GAGC 3' 
5* CCTCCTTCGTTAGTTGAATCCTC 3' 
5* GGTACTGGATAGATAGTGGAAG 3* 
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5* CCAGAATCATAAGCTACTGTACC 3' 
5' GTCCCGTATCAGTTCGAGATTCTG 3' 
5* CCTCCTTCGTTAGTTGi\ATCCTC 3' 
5' GGGATCAGGATCCAGGTACTATTC 3* 
5' GTATCGTTTCTTTCTTCATTCGC 3* 



10 



(XXXVi) 5* GCTTGGGAGT^ATTVATTTATCAG 3' 
5' CCTCCTTCGTTAGTTGAATCCTC 3' 

(XXXVii) 5' GGACCAAGTTTACCATAATTC 3' 

5' GTATCGTTTCTTTCTTCATTCGC 3' 

(xXXViii) 5' GGAGAATAATTTATCAGTTGGTC 3' 
5' GTATCGTTTCTTTCTTCATTCGC 3* 



(xxxix) 



(xl) 



15 



(xli) 



5' CAAGGTATAAGCAGAAGAAAAC 3' 
5' CGCACGCCCGGATTCTGTACTATC 3' 
5' ATGTCTCAAATATCCTGGACTCAG 3' 
5' CGCACGCCCGGATTCTGTACTATC 3' 
5* GTACTGGATAGATAGTGGAAGTC 3' 
5' CACGGCCTTCTTCCTAACCCTCC 3* 



20 



Particularly preferred primer pairs that may be used in a diagnostic method for 
detecting Cryptosporidium parvum are desirably selected from the following 
primer sets. In each primer set described the first mentioned primer represents 
the forward primer and the second mentioned primer represents the reverse 
primer. 



(i) 



25 



(ii) 



(iii) 



(iv) 



30 



5' GGTACTGGATAGATAGTGGA 3' 
5' TCGCACGCCCGGATTCTGTA 3' 
5* GAGATTCTGAAATTAATTGG 3* 
5* CCTCCTTCGTTAGTTGAATCC 3* 
5' GTTGGCTTATAGATTCTGAGC 3' 
5' CAGTTCA7UVTTATTGTAGCC 3' 
5' GAGATTCTGAAATTAATTGG 3* 
5' CAGTTCT^TTATTGTAACC 3' 
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10 



15 



20 



25 



30 



(V) 



(vi) 



(vii) 



(viii) 



(ix) 



(X) 



(xi) 



(xiii) 



(xiv) 



(xv) 



(xvi) 



(xvii) 



(xviii) 



(xix) 



(XX) 



5' GTTGGCTTATAGATTCTGAGC 3' 
5' CCTCCTTCGTTAGTTGAATCC 3' 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5* GGAAGATCCAAATAAGAATTATGG 3' 
5' GGTTATTAAGATTCAAATTTCC 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5* TCCCGTATCAGTTCGAGATTCTG 3* 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' GTTCGAGATTCTGAAATTAATTGG 3* 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5* GGTTATTAAGATTCAAATTTCC 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' TCCCGTATCAGTTCGAGATTCTG 3* 
5* GAATAGTACCTGGATCCTGATCCC 3' 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5* GAATAGTACCTGGATCCTGATCCC 3' 
5' GGTTATTAAGATTCAAATTTCC 3* 
5' GAATAGTACCTGGATCCTGATCCC 3' 
5' TCCCGTATCAGTTCGAGATTCTG 3* 
5' GGAAGATCCAAATAAGAATTATGG 3* 
5' GTTCGAGATTCTGAAJ\TTAATTGG 3' 
5* GGAAGATCCAAATAAGAATTATGG 3' 
5' GGTTATTAAGATTCAAATTTCC 3* 
5' GGAAGATCCAAATAAGAATTATGG 3' 
5' ATTCGAGATTCTGAAATTAATTGG 3' 
5' GAATAGTACCTGGATCCTGATCCC 3* 
5' GATATTGGAGGGTTAGG^AGAAGG 3' 
5' CTGTACAGTTC7VAATTAVTGTAACC 3' 
5' GACTGATGAAATTATTAGTAAAGAGC 3' 
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10 



15 



(xxi) 



(xxii) 



(xxiii) 



(xxv) 



5' CCTCCTTCGTTAGTTGAATCCTC 3' 
5' GGTACTGGATAGATAGTGGAAG 3' 
5' CCAGAATCATAAGCTACTGTACC 3' 
5' GTCCCGTATCAGTTCGAGATTCTG 3' 
5' CCTCCTTCGTTAGTTGAATCCTC 3' 
5' GGGATCAGGATCCAGGTACTATTC 3' 
5' GTATCGTTTCTTTCTTCATTCGC 3' 



(xxiv) 5* GCTTGGGAGAATAATTTATCAG 3' 



5' CCTCCTTCGTTAGTTGAATCCTC 3' 
5* GGACCAAGTTTACCATAATTC 3' 
5' GTATCGTTTCTTTCTTCATTCGC 3' 



(xxvi) 5' GGAGAATAATTTATCAGTTGGTC 3' 
5' GTATCGTTTCTTTCTTCATTCGC 3* 

(xxvii) 5' CAAGGTATAAGCAGAAGAAAAC 3' 

5' CGCACGCCCGGATTCTGTACTATC 3* 

(xxviii) 5' ATGTCTCAAATATCCTGGACTCAG 3* 
5* CGCACGCCCGGATTCTGTACTATC 3* 

(xxix) 5' GTACTGGATAGATAGTGGAAGTC 3' 
5* CACGGCCTTCTTCCTAACCCTCC 3' 



20 If for example the forward and reverse PGR primers are 

GGTACTGGATAGATAGTGGA and TCGCACGCCCGGATTCTGTA respectively, a DNA 

fragment of approximately 668 nucleotides is produced upon amplification of 
Cryptosporidium parvum DNA. Alternatively, if the fonA/ard and reverse PGR 
primers are gagattctgaaattaattgg and cctccttcgttagttgaatcc 
25 respectively, a DNA fragment of approximately 426 nucleotides is produced 
upon amplification of Cryptosporidium parvum DNA. 



30 



The methods described herein may be used to detect the presence or absence 
of Cryptosporidium DNA. However, they provide little information about the 
viability or infective potential of microorganisms within a sample. Thus, the 
detection method(s) described supra may be combined with one or more 
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methods for testing Cryptosporidium viability. Such methods are widely known 
in the art. For example fluorogeneic vital-dye assays (eg. using propidlum 
iodide) or the ability of Cryptosporidium to grow in vitro or in vivo may be used to 
determine the likely infectivity of virulence of the samples tested. Care should, 
5 however, be used when employing such methods. Current protocols for 
concentrating oocysts such as Percoll-sucrose gradients and sucrose density 
flotation may actually, selectively concentrate non-viable oocysts. Standard 
tests for viability such as fluorogeneic vital-dye assays may therefore be biased 
towards detection of non-viable oocysts. In addition, current protocols only 
10 sample a proportion of the total water body and the viability of cysts and oocysts 
not detected remains undetermined. 

While the present invention relates to nucleotide sequences of Cryptosporidium 
and methods for detecting and/or identifying the presence of Cryptosporidium 
isolates, it will be appreciated that the sequences and method (s) may be made 
15 available in the form of a kit for the detection of Cryptosporidium isolates. 
Preferably, the kit provides a means for detecting Cryptosporidium parvum 
isolates. 

Thus, in one embodiment of the invention there is provided a kit of detecting 
and/or identifying the presence of Cryptosporidium microorgansims is a sample, 
20 the kit comprising: at least a probe or set of primers which are specific for a 
region of the genome of Cryptosporidium, wherein the probe or primers are 
selected from the above mentioned nucleotide sequence. 

Probes and primers can be packaged into diagnostic kits. Diagnostic kits may 
include the DNA probe or DNA primers which may be labelled; alternatively the 
25 probe or primers may be unlabelled and the ingredients for labelling the probe or 
amplifying the Cryptosporidium DNA using the primers may be included in the 
kit. The kit may also contain other suitably packaged reagents and materials 
needed for the pariiicular detection protocols. The kit may also contain, for 
example, standards, as well as instructions for using the detection kits. 
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Particular diagnostic kits may also contain the necessary reagents for 
conducting fluorogenic assays and/or for growing Cryptosporidium in cell culture. 

The present invention will now be described by way of example only with 
reference to the following figures. It will be understood that all temperature 
5 ranges and other such variables prescribed in the examples are given as 
indicative only, and that parameters outside these limits may also provide useful 
results. 

Figure la represents an ethidium bromide stained 1% agarose gel 
showing specificity of the 021 diagnostic primers for Cryptosporidium. 
10 Lane 1=molecular weight marker; lane 2=C. parvum DNA; lane 3=G. 

duodenalis DNA; lane 4=:human DNA; lane 5=faecal DNA; lane 
G^Tritrictiomonas foetus DNA; lane 7=C. serpentis DNA; lane 8=negative 
control (no DNA). Molecular weight marker was lOObp ladder (Gibco 
BRL); kb-kilobases. 

15 Figure lb shows the specificity testing of the CP1 primers. Lane 

1=molecular weight marker; lane 2=C. parvum DNA; lane 3=rG, 
duodenalis DNA; lane 4=human DNA; lane 5=:faecal DNA; lane 
6=Tritrictiomonas foetus DNA; lane 7=negative control (no DNA). 
Molecular weight marker as in Figure 1 a, 

20 Figure 2a represents an ethidium bromide stained 1% agarose gel 

showing products obtained from amplification performed on 13 of the 35 
Cryptosporidium parvum isolates examined using the 021 primers. Lane 
1=molecular weight marker; lane 2=:L1; lane 3=H9; lane 4=C1; lane 5=H7; 
lane 6=H5; lane 7=H6; lane 8=:H3; lane 9=H10; lane 10=H8; lane 11=H4; 

25 lane 12=H1; lane 13=C6; lane 14=H2; lane 15=negative control. 

Molecular weight marker as in Figure 1a. Isolates H11-12; H15-H34; C1 
and C7-9 were also tested and produced the desired 668 bp band upon 
amplification (data not shown). 
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Figure 2b illustrates parasite origin of the bands depicted in figure 2a. 

The gel depicted in figure 2a was blotted onto Hybond N+ (Amersham) 
and probed with the Internal oligonuleotide probes to confirm parasite 
origin of bands. 

■* 

5 Figure 3 represents an ethidium bromide stained 1% agarose gel 

showing products obtained from amplification performed on 28 of the 39 
Cryptosporidium isolates examined using the CP1 primers. Lane 
1=molecular weight marker; lane 2=H1; lane 3=H2; lane 4=H3; lane 
5=H5; lane 6=H6; lane 7=H7; lane 8=H8; lane 9=H9; lane 10=H10; lane 

10 11=H11; lane 12=H12; lane 13=15; lane 14=H16: lane 15=H17; lane 

16=H18; lane 17=H19; lane 18=H20; lane 19=H21; lane 20=H22; lane 
21=H23; lane 22=H24; lane 23^H25; lane 24=H26; lane 25=C1; lane 
26=C2; lane 27=C6; lane 28=C7; lane 29=L1 ; lane 30=negative control. 
Isolates F1; F9; F10; F11; F20; F21; F22; F35; F36; F38 also amplified 

1 5 the correct 446 bp band. 

Figure 4a represents an ethidium bromide stained 1% agarose gel 
showing the sensitivity of the 021 primers. Lane 1 = molecular weight 
marker; lane 2 = 1 x 10^ C. parvum oocysts; lane 3 = 1 x 10^ C. parvum 
oocysts; lane 4 = 1 x 10^ C. parvum oocysts; lane 5 = 100 C. parvum 
20 oocysts; lane 6 = 10 C. parvum oocysts; lane 7 = 1 C. parvum oocys; and 

lane 8 = negative control. Molecular weight marker as in Figure la. 

Figure 4b represents an ethidium bromide stained 1% agarose gel 
showing the sensitivity of the CP primers. Lane 1 = molecular weight 
marker; lane 2 = 1 x 10^ C. parvum oocysts; lane 3 = 100 C. parvum 
25 oocysts; lane 4 = 1 0 C. parvum oocysts; lane 5 = 1 C. parvum oocyst; 

lane 6 = negative control (no DNA), Molecular weight marker as in Figure 
1a. 



Figure 5a represents an ethidium bromide stained 1% agarose gel 
showing direct amplification of Cryptosporidium DNA from faeces using 
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the 021 primers. Lane 1 = molecular weight marker, lane 2 = H27; lane 3 
= H28; lane 4 = H29; lane 5 = H30; lane 6 = molecular weight marker, 
lane 7 = H31; lane 8 = H32; lane 9 = H33; lane 10 = H34. Molecular 
weight marker as in Figure 1 a. 

5 Figure 5b shows amplification products from 9 faecal samples using the 

CP1 primers. Lane 1=molecular weight marker; lane 2 = F1; lane 3 = F9; 
lane 4 = F10; lane 5 = F1 1 ; lane 6 - F20; lane 7 = F21 ; lane 8 = F22; lane 
9 = F35; lane 10 = F36; lane 11 = F38; lane 12 = negative control. 

Figure 6 illustrates an alignment of Human and Calf sequences of the 
1 0 diagnostic 02 fragment. 

Examples 

Cryptosporidium isolates 

isolates of Cryptosporidium are listed in Table 1, below. Cryptosporidium 
isolates for RAPD analysis were purified from faecal DNA by PBS-ether 

15 centrifugation followed by Ficoll-density centrifugation as described by Morgan, 
Constantine, O'Donoghue, Melon!, O'Brien & Thompson, (1995). "Molecular 
Characterisation of Cryptosporidium isolates from humans and other animals 
using RAPD (Random Amplified Polymorphic DNA) analysis. " American Journal 
of Tropical Medicine and Hygiene " 52 559-564. All faecal samples were stored 

20 at 4''C without preservatives for several weeks prior to analysis. 



Table 1 : Isolates of Cryptosporidium used in this study 



Code 


Host 


Species 


Geographic origin 


Source 


H1 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H2 


Human 


C. parvum 


Narrogin, Western Australia 


SHL 


H3 


Human 


C. parvum 


Nannup Western Australia 


PMH 


H4 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H5 


Human 


C. parvum 


Perth, Western Australia 


PMH 
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H6 


Human 


a parvum 


Perth, Western Australia 


PMH 


H7 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H8 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H9 


Human 


C. parvum 


Perth. Western Australia 


SHL 


H10 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H11 


Human 


C, parvum 


Perth, Western Australia 


SHL 


H12 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H13 


Human 


C, parvum 


Horsham, Victoria 


CVL 


H14 


Human 


C. parvum 


Port Lincon, South Australia 


CVL 


H15 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H16 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H17 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H18 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H19 


Human 


C, parvum 


Perth, Western Australia 


PMH 


H20 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H21 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H22 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H23 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H24 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H25 


Human 


C parvum 


Perth, Western Australia 


SHL 


H26 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H27 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H28 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H29 


Human 


C, parvum 


Bunbury, Western Australia 


SHL 


H30 


Human 


C. parvum 


Perth, Western Australia 


SHL 


H31 


Human 


C parvum 


Perth, Western Australia 


PMH 


H32 


Human 


C, parvum 


Perth, Western Australia 


SHL 


H33 


Human 


C. parvum 


Perth, Western Australia 


PMH 


H34 


Human 


C, parvum 


Perth, Western Australia 


PMH 


F1 


Human 


C, parvum 


Perth, Western Australia 


SHL 


F9 


Human 


C. parvum 


Perth, Western Australia 


SHL 


F10 


Human 


C. parvum 


Newman, Western Australia 


SHL 


F11 


Human 


C. parvum 


Newman, Western Australia 


SHL 


F20 


Human 


C. parvum 


Perth, Western Australia 


SHL 
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r21 


Human 


o. parvum 


Hertn, western Ausiraiia 


oriL- 




rfuman 


o. parvuiD 


Kenn, wesiern Ausiraiia 


OUII 

oriL. 


TOO 


nurnan 


o. parvufn 


renn, wesiern Musiraiia 


niVirl 


rob 


nUman 


L/. parvuni 


penn, wesiern Musiraiia 


"Mrl 


POO 


ifviein 

riuman 


L/. pafVUftl 


Dearth VA/fkctofn Ai ictralisa 


Oril— 




uaiT 


o. parvum 


MiiiicBnif oouin Musiraiia 






Pa If 


o. parvum 


1 1 ir^inHolo if k| At rolio 

L.uuinucii6f ouuin Musiraiio 




wO 


wall 


parvufn 


|k A ooWi^UL/o C^/^f ff-ki At lO'frolisa 
mcclUOWo, OuUin rMJoirctllcl 






L/aiT 


o. parvum 


Luctnuaie, oouin Musiraiia 




C5 


Calf 


C. parvum 


Penola, South Australia 


CVL 


C6 


Calf 


C. parvum 


Willunga, South Australia 


CVL 


C7 


Calf 


C. parvum 


Penola. South Australia 


CVL 


C9 


Calf 


C. parvum 


Maryland, U.S.A. 


USDA 


L1 


Lamb/Deer 


C. parvum 


Edinburgh, Scotland 


MAH 


S1 


Snake 


C. serpentis 


Tanunda, South Australia 


CVL 


S2 


Snake 


C, serpentis 


Tanunda, South Australia 


CVL 



(N.B. PMH = Princess Margaret Hospital, Perth, Western Australia; SHL = State 
Health Laboratories, Western Australia; CVL = Central Veterinary Laboratories. 
South Australian Dept. of Agriculture, South Australia; MAH = Moredun Aninnal 
Health Ltd, Edinburgh, Scotland, and USDA = United States Department of 
5 Agriculture, Maryland, U.S.A; N/A = not available). 

DNA isolation 

For RAPD analysis, DNA was extracted from Cryptosporidium using the CTAB 
method described by Yap and Thompson (1 987), "CTAB precipitation of cestode 
DNA". Parasitology Today 3: 220-222. Cryptosporidium oocysts were 

10 resuspended in 200^1 of lysis buffer containing. 0.25M Sucrose; 50 mM Tris-HCI; 
50 mM EDTA; 8% Triton-X-100; pH 7.5. Oocysts were subjected to three 
freeze-thaw cycles and then 50 |il of a 10 mg/ml proteinase K solution was 
added. Samples were incubated for 1 hour at SS'^C and nucleic acid precipitated 
by the addition of 1 ml of 2% CTAB (cetyltrimethylammonium bromide). 

15 Following centrifugation. the pellet was dissolved in 250 (il of N.E. buffer (2.5 M 
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NaCI, 10 mM EDTA, pH 7.7) and diluted with 250 fil of T.E. buffer (10 mM Tris- 
HCI, 1 mM EDTA. pH 7.5). Samples were subsequently chloroform extracted 
once, precipitated with 100% ethanol, washed with 70% ethane! and 
resuspended in T.E. buffer. DNA was similarly isolated from human blood, 
5 human faeces, Giardia duodenalis, Tritrichomonas foetus and C. seprentis for 
cross-hybridisation studies. 



PCR conditions and primers. 

The selection of DNA primer(s) or probe(s) by the construction and screening of 
genomic DNA libraries is a laborious and expensive exercise. However by using 

10 the Random Amplified Polymorphic DNA (RAPD) technique described hereafter, 
for the development of diagnostic probes or primers, the process of selecting 
such nucleotide sequences is greatly simplified. In this technique, small 
amounts of DNA are subjected to PCR using a single oligonucleotide of random 
sequence as a primer. The amplification products are resolved on agarose or 

15 polyacrylamide gels giving rise to a pattern that is strain specific. Many of the 
products generated by RAPD-PCR are derived from repetitive DNA sequences. 
As these sequences are frequently species-specific, RAPD-PCR is potentially a 
quick method for developing species-specific diagnostic PCR primers and 
probes 

20 RAPD reactions were performed as described by Morgan, Constantine, 
O'Donoghue, Meloni, O'Brien & Thompson, (1995). "Molecular Characterisation 
of Cryptosporidium isolates from humans and other animals using RAPD 
(Random Amplified Polymorphic DNA) analysis. " American Journal of Tropical 
Medicine and Hygiene " 52 559-564. A range of primers were tested and are 

25 listed below. 

R-2817 5' GCTTGGTCTGCTCAATGTGG 3* 

INS 5' ACAGGGGTGTGGGG 3* 

PER 5' GACNGGNACNGG 3' 

Y22 5* CTCTGGGTGTCGTGC 3' 
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SP6 



5' GATTTAGGTGACACTATAG 3* 



[GAA]5 
[GACAl^ 



5* GAAGAAGAAGAAGAA 3' 



5' GACAGACAGACAGACA 3* 



R4 



5' AGTCGAACCCTGATTCTCCGCCAGG 3' 



5 Vacuum blots, dot blots and DNA hybridisation. 

RAPD gels were vacuum blotted (BioRad) onto Hybond N+ ([Amersham) 
membranes using 20 x SSC (0.3 M NaaCitrate; 3 M NaCI; pH adjusted to 7.0) as 
the transfer medium. Following transfer, DNA was UV cross-linked to the 
membranes using a GS Gene-Linker^" UV cross-linker (BioRad). Probe 

10 labelling was conducted using two different non-radioactive labelling systems. 
The ECL (Enhanced Chemiluminescence) direct labelling kit supplied by 
Amersham, was used to label all double stranded DNA and the DIG 
(digoxigenin) oligonucleotide 3*-end labelling and detection kit supplied by 
Boehringer Mannheim was used to label oligonucleotides. For most 

15 hybridisations, 100 ng of DNA (at a concentration of 10 ng/|il) was labelled and 
used In a 10 ml hybridisation volume. All hybridisations were carried out in a 
Hybaid™ rotisserie oven (BioRad). For dot-blots, DNA was transferred to 

Hybond N* membrane (Amersham), using a vacuum manifold (BioRad). DNA 
was bound to the membrane using the UV cross-linking procedure described 
20 above. 

Southern blots of RAPD profiles were hybridised to DNA isolated from human 
blood, Giardia duodenalis, human faeces and Cryptosporidium parvum. RAPD 
bands which hybridised only to Cryptosporidium DNA and not to the other DNA*s 
tested were chosen for further analysis. Primers R-2817, INS, PER, Y22. SP6, 

25 [GAA]5 and [GACA]^ all produced profiles which cross-reacted to varying 
degrees with human, faecal or Giardia DNA. The primer R4, however, produced 
a simple profile which cross-reacted with Cryptosporidium DNA only (data not 
shown). A band of approximately 750 bp was purified from a low-melting point 
gel using the syringe method described by Li. & Ownby (1993). "A rapid method 

30 for extraction of DNA from agarose gels using a syringe." Biotechniques 15: 976- 
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978, reamplified and shown to be specific for Cryptosporidium by dot-blots. The 
band, designated 021 was then cloned and sequenced. 

Cloning off PCR products. 

Bands specific for Cryptosporidium were ligated directly into the pGEM T- Vector 
5 (Promega). Ligation products were transformed into Escherichia coli HB1 01 and 
white colonies were screened using PCR, Half of each white colony was 
removed with a sterile toothpick and added to a 50 pi solution of TE buffer 
containing 1% Trlton-X-100. The toothpick was swirled around to dislodge the 
cells and then discarded. These tubes were subsequently incubated at 95**C for 
10 10 min to lyse the cells, spun for 5 min to remove cellular debris and the 
supernatant transferred to a clean tube. 

A 5 nl aliquot of this supernatant was used in a PCR reaction, with the M13 
foreword and reverse primers. Briefly, 5 \i\ of crude lysate was amplified in 67 
mM Tris-HCL (pH 7.6). 16.6 mM {NH4)2S04; 2 mM IVIgCIa; 200 |iM of each dNTP; 

15 12.5 pmoles of each primer; 0.5 units of Tth Plus (Biotech International) and 
sterile distilled water. Reactions were performed on an OmnlGene thermal 
cycler (Hybaid), using the following cycling conditions. One cycle of 94**C for 2 
min; 55X for 2 min and 72"C for 2 min, followed by 30 cycles of 94^*0 for 30 
seconds; 55**C for 1 min and 72*^0 for 2 min with a final cycle of 94°C for 30 

20 seconds; 55**C for 1 min and 72°C for 10 min. An aliquot (5-10mI) of the 
amplified product was then run on a 1% agarose gel and checked for size. 

At least 10 white colonies for each ligation were checked for the presence of 
inserts using the PCR protocol described above. Inserts were cut out using Sac 
II and Pst 1 restriction enzymes (Pharmacia), electrophoresed on a 1% low- 
25 melting point agarose gel and the insert purified from the gel using the syringe 
method. At this point, inserts were again checked for specificity by dot blots and 
Cryptosporidium-speoific inserts were chosen ^or sequencing. 
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Sequencing and synthesis of primers. 

Sequencing was carried out using the Taq DyeDeoxy^"^ Terminator Cycle 
Sequencing Kit supplied by Applied Biosystems. Sequences were aligned using 
the Seqed and DNA strider programs and compared with Genebank and EMBL 
5 databases for sequence homology. A number of primer sequences were 
designed from the 021 sequence using the computer program Amplify^^ and 
oligonucleotides were synthesised by DNA Express. 



Primers 

The 021 fonvard and 021 reverse primers which produced a 668 bp fragment 
10 upon amplification of Cryptosporidium parvum DNA are listed below. An 
oligonucleotide internal to the sequence amplified by the 021 primers was also 
synthesised for use as a probe to confirm parasite origin of the amplified 
product. A second set of primers, designated CP1 fonvard and reverse and an 
Internal oligonucleotide designated CPI were also designed from the 021 
15 sequence. These primers produced an approximately 426 bp fragment upon 
amplification of Cryptosporidium DNA. 

021 F 5' GGTACTGGATAGATAGTGGA 3' 

021 R 5* TCGCACGCCCGGATTCTGTA 3' 

Ollgo 5* AGTCCCGTATCAGTTCGAGA 3' 

20 CPI F 5* GAGATTCTGAAATTAATTGG 3' 

CP1 R 5' CCTCCTTCGTTAGTTGAATCC 3' 

CPI 5' GTTGGCTTATAGATTCTGAGC 3' 



The sequence of the diagnostic fragment is shown below with the positions at 
which the primers bind underlined. The CPI forward and reverse primers are 
25 shown binding inside the sequence specified by the 021 primers and produce a 
426 bp product upon amplification. 

GAT GGTACTGGATAGATAGTGGA AGTCCCGTATCAGTTC GAGATTCTGAAATTAATTGG 

ACATCAAGTTATi\AAGC7\AGCTGGTTATTAAGATTCAAATTTCCCTTTGAAAAGTGTGG 
CTTTTTTGATATTGGAGGGTTAGGAAGAAGGCCGTGTTGGCTTATAGATTCTGAGCTTT 
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CTTGTGCAGTTTGTGGTACAGTAGCTTATGATTCTGGTGGGCTGAATCCCAATAAATAT 
TCAGAGCTAATTAAGCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATCTTCC 
AGGTTACAATAATTTGAACTGTACAGATGCTTGGGAGAATAATTTATCAGTTGGTCTTT 
GTCAAAATGTCTCAAATATCCTGGACTCAGCTTGGAGCTCGTATCAGAGTTCGTTAAAC 
5 TTTCCTAGTATCAACTTTAACTGG7\AAG AGGATTCAACTAACGAAGGAGG GGACCAAGT 
TTACCATAATTCTTATTTGGATCTTCC7\AGGTAT7^GCAGAAGAAAACATTTTATTGGG 
ATCAGGATCCAGGTACTATTCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTTAAGC 
GCTCAACCAACATACCATCCTTTGGATAGAAGCTCATCTGGAAGTTTTGAGTCTGATAG 
TACAGAATCCGGGCGTGCGAATGAAGAAAGA7VACGATAC 



10 Diagnostic PCR conditions, 

PGR conditions for the 021 diagnostic PCR primers consisted of 67 mM Tris- 
HCL (pH 7.6), 16.6 mM (NH4)2S04; 1-5 mM MgClgi 200 ^iM of each dNTP; 6.5 
pmoles of each primer; 0.25 units of Tth Plus (Biotech International) and sterile 
distilled water. Reactions were performed on an OmniGene thermal cycler 

15 (Hybaid), using the following cycling conditions. One cycle of 94*^0 for 2 min; 
58**C for 2 min and 72**C for 2 min, followed by 40 cycles of 94**C for 30 seconds; 
SB^'C for 1 min and 72°C for 2 min with a final cycle of 94^*0 for 30 seconds; 
SS^'C for 1 min and 72X for 10 min. PCR conditions for the CP1 primers were 
essentially the same except that 2 mM MgCIa and an annealing temperature of 

20 59*^0 was used. 

Diagnostic test 

For sensitivity testing, crude oocyst preparations were resuspended in 10 pi of 
T.E. Decreasing concentrations of oocyst suspensions were prepared by serial 
dilutions. For direct PCR analysis of faecal samples. 0.5g of faeces was mixed 
25 with 4 ml PBS and this slurry was then diluted 1 in 20 in T.E. Samples were 
then freeze-thawed 3 times, boiled for 5 min, spun for 1 min to remove debris 
and then 5-1 0 pi of the supernatant was added directly to the PCR reaction. 

The above oligonucleotide sequences are unique in that a comparison of the 
sequence information obtained from the 021 clone with Genebank and EMBL 



wo 97/02281 



25 



PCT/AUi>6/00387 



databases produced no homology of any significance. The specificity of the 
primers designed from the 021 clone was tested by performing PGR reactions 
on DNA extracted from Giardia duodenalis, human blood, human faeces, 
Tritrichomonas foetus, and C. serpentis. With both sets of primers, DNA of the 
5 correct size was amplified from Cryptosporidium parvum DNA only. No 
amplification was seen with any of the other DNA*s tested (see Figure 1a and b). 

The primers were also tested on Cryptosporidium of both human and bovine 
origin and the PGR products confirmed by hybridisation to the internal 
oligonucleotide. These diagnostic primers were then used to amplify over 40 
10 different isolates of Cryptosporidium parvum of both human and bovine origin 
(listed in Table 1), to determine if the primers would recognise some or all 
isolates. All isolates tested produced the correct sized upon amplification (see 
Figures 2a; 2b and 3). 

The gel depicted in figure 2a was then blotted onto Hybond N+ (Amersham) and 
15 probed with the internal oligonuleotide probes to confirm parasite origin of bands 
(Figure 2b). 

The amplification products of the GPF primers were also probed with an internal 
oligonucleotide to confirm parasite origin of the bands. In all cases the 446 bp 
amplification product hybridised strongly with the internal olifo indicating that the 
20 reaction was specific for Cryptosporidium (data not shown). 

The detection limits of the primers were found to be as high as one oocyst (see 
Figure 4a) with both the 021 and the GP1 primers (see Figure 4b) when 
amplifying from crude preparations of oocysts. 

The primers were also used to reproducibly amplify Cryptosporidium directly 
25 from boiled faeces (see figure 5a). Most of the eight faecal samples tested 
contained relatively low numbers of oocysts (ranging from 1 x 10^ to 5 x 10^ 
oocysts per gram of faeces, with one sample, H29, containing 1.5 x 10^ oocysts 
per g of faeces). One sample, H27, unlike the other samples, was a solid stool 
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and it was necessary to perform a crude PBS-ether extraction of that sample in 
order to obtain a reproducible amplification product (see figure 5a). 

Figure 5b shows amplification products from 9 faecal samples using the CP1 
primers. Lane 1=molecular weight marker; lane 2 = F1; lane 3 = F9; lane 4 = 
5 F10: lane 5 = F1 1 ; lane 6 = F20; lane 7 = F21 ; lane 8 = F22; lane 9 = F35; lane 
10 = F36; lane 1 1 = F38; lane 12 = negative control. 

The sequences of two human and two calf isolates of Cryptosporidium parvum 
were compared along the length of the diagnostic fragment to determine the 
extent of sequence conservation between isolates (see Figure 6). Direct PGR 

10 sequencing was carried out using the Taq DyeDeoxy^'^ Terminator Cycle 
Sequencing Kit supplied by Applied Biosystems. Sequences were aligned using 
the CLUSTAL V multiple sequence alignment program. The alignment shows 
the sequence to be conserved between isolates but with a number of sequence 
differences between the human and calf isolates. These findings are in keeping 

15 with RAPD analysis on these isolates described by Morgan, Constantine, 
O'Donoghue, Meloni, O'Brien & Thompson, (1995). "Molecular Characterisation 
of Cryptosporidium isolates from humans and other animals using RAPD 
(Random Amplified Polymorphic DNA) analysis. " American Journal of Tropical 
Medicine and Hygiene " 52 559-564, which reported genetic differences between 

20 human and calf isolates. The observed differences between the human and calf 
isolates is not sufficient to interfere with primer binding and both human and calf 
isolates are amplified using both the 021 and the CP1 primers (primer 
sequences are underlined). Given the differences between the human and calf 
isolates however, it would be possible to construct primers which could 

25 differentiate between human and animal isolates (ie a set of primers which would 
amplify human isolates only and a second set which would amplify calf /animal 
isolates only). Primers which are specific for animal or human isolates would be 
very useful in transmission studies and also for environmental analysis in 
determining the likely source of contamination of water supplies (ie human or 

30 animal). 
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The above mentioned sequence was analysed to determine whether or not the 
sequence was from a coding or non-coding section of DNA. A number of 
computer programs were used including CODON PREFERENCE which Is a 
frame-specific gene finder that tries to recognise protein coding sequences by 
5 virtue of the similarity of their codon usage to a codon frequency table or by the 
bias of their composition (usually GC) in the third position of each codon. 
Analysis of the sequence using these programs however, suggests that the 021 
fragment is unlikely to contain coding regions. 

RAPD analysis was used to develop diagnostic primers for Cryptosporidium 
1 0 parvum which have been shown to be both specific and also sensitive. Both the 
021 and the CP1 primers appear to be very specific for Cryptosporidium, can 
detect as little as one oocyst and can amplify Cryptosporidium directly from 
boiled faeces. Over 47 different Isolates of Cryptosporidium parvum of both 
human and bovine origin from diverse geographic locations were screened using 
15 these primers and all amplified the correct sized band, Indicating that the 
sequence defined by the primers is conserved amongst isolates. 

The specificity testing of the RAPD primers did not include Cryptosporidium 
baileyi, Cryptosporidium meleagridis or Cryptosporidium muris DNA, as a source 
of this material was not readily available. Although Cryptosporidium muris has 

20 been reported in cattle in the United States, and oocysts resembling 
Cryptosporidium baileyi were recovered from an immunocompromised human 
patient, these species of Cryptosporidium are not commonly reported in livestock 
and particularly not from humans. Further optimisation of the assay is required 
to enable the amplification of all Cryptosporidium isolates directly from faeces 

25 without any prior purification. 

The RAPD primers described herein could be used both in the diagnosis of 
Cryptosporidium from faecal samples and also in environmental monitoring. The 
level of skill required by microscopic identification of Cryptosporidium oocysts, 
the low sensitivity of current diagnostic methods and varying expertise among 
30 laboratories and technicians can result in many cases of mild Cryptosporidia! 
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infection remaining undiagnosed. A simple PGR detection system employing 
primers of the present invention should greatly improve the detection and 
diagnosis of Cryptosporidium. 

Outbreaks of cryptosporidiosis in child day care centres are frequently reported 
5 (Alpert et aL 1986; Crawford et ai 1988; Diers & McCallister 1989; Person & 
Young 1992; Hanna & Brool<s 1995), and family members are often affected 
during such outbreaks. A proportion of each group is asymptomatic and can act 
as carriers of infection to relatives and the community. Therefore, the public 
health problem of transmission to the community from these centres Is a 

10 significant one and needs further evaluation and control. Investigations 
undertaken during outbreaks of diarrhoea however, have frequently used limited 
diagnostic testing that have tended to incriminate agents that are easily 
identifiable in standard microbiological laboratories (Thompson 1994). Sensitive 
molecular-based tools such as the PGR primers described here will allow more 

15 accurate molecular-epidemiological studies to be carried out to determine not 
only the true prevalence of Cryptosporidium in the community, but also the risk 
factors associated with infection. 

A recent survey in the United States conducted by Glancy et aL (1994) " 
Commercial labs: how accurate are they?' Journal of the American Water Works 

20 Association . 86: 89-97, revealed that commercial laboratories showed a lack of 
proficiency in testing water samples for Giardia and Cryptosporidium, With the 
implementation in 1995 of the Information Collection Rule (ICR) in the United 
States which makes testing for Giardia and Cryptosporidium in water systems 
serving more than 1 0,000 people mandatory, the development of accurate and 

25 sensitive testing for Cryptosporidium is of great importance. 

As a result of this study, highly sensitive and specific diagnostic PGR primers 
have been developed for Cryptosporidium. 
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SEQUENCE INFORMATION 





lEQ. ID. NO. 1 : 




„ 








GATGGTACTG 


GATAGATAGT 


GGAAGTCCCG 


TATCAGTTCG 


40 




AGATTCTGAA 


ATTAATTGGA 


CATCAAGTTA 


TAAAGCAAGC 


80 


5 


TGGTTATTAA 


GATTCTW^TT 


TCCCTTTGAA 


AAGTGTGGCT 


120 




TTTTTGATAT 


TGGAGGGTTA 


GGAAGAAGGC 


CGTGTTGGCT 


160 




TATAGATTCT 


GAGCTTTCTT 


GTGCAGTTTG 


TGGTACAGTA 


200 




GCTTATGATT 


CTGGTGGGCT 


GAATCCCAAT 


AAATATTCAG 


240 




AGCTAATTAA 


GCAGACTGAT 


GAAATTATTA 


GTAAAGAGCC 


280 


10 


AAAGCTTGAT 


CTTCCAGGTT 


AGAATAATTT 


GAACTGTACA 


320 




GATGCTTGGG 


AGAATAATTT 


ATCAGTTGGT 


CTTTGTCAAA 


360 




ATGTCTCAAA 


TATCCTGGAC 


TCAGCTTGGA 


GCTCGTATCA 


400 




GAGTTCGTTA 


AACTTTCCTA 


GTATCAACTT 


TAACTGGAAA 


440 




GAGGATTCAA 


CTAACGhAGG 


AGGGGACCAA 


GTTTACCATA 


480 


15 


ATTCTTATTT 


GGATCTTCCA 


AGGTATAAGC 


AGAAGAAAAC 


520 




ATTTTATTGG 


GATCAGGATC 


CAGGTACTAT 


TCCAGCTTTG 


560 




TCTGATGAAA 


TGAAGCTCAT 


TGGTTTAAGC 


GCTCAACCAA 


600 




CATACCATCC 


TTTGGATAGA 


AGCTCATCTG 


GAAGTTTTGA 


640 




GTCTGATAGT 


ACAGAATCCG 


GGCGTGCGAA 


TGAAGAAAGA 


680 


20 


AACGATAC 
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THE CLAIMS defining the invention are: 

1. A purified and isolated Cryptosporidium DNA sequence comprising the 
nucleotide sequence; 

GATGGTACTGGATAGATAGTGGAAGTCCCGTATCAGTTCGAGATTCTGAAAT 
5 TAATTGGACATCAAGTTATAAAGCAAGCTGGTTATTAAGATTCAAATTTCCC 

TTTGAAAAGTGTGGCTTTTTTGATATTGGAGGGTTAGGAAGAAGGCCGTGTT 
GGCTTATAGATTCTGAGCTTTCTTGTGCAGTTTGTGGTACAGTAGCTTATGA 
TTCTGGTGGGCTGAATCCCAATAAATATTCAGAGCTAATTAAGCAGACTGAT 
GAAATTATTAGTAAAGAGCCAAAGCTTGATCTTCCAGGTTACAATAATTTGA 

10 ACTGTACAGATGCTTGGGAGAATAATTTATCAGTTGGTCTTTGTCAAAATGT 

CTCAAATATCCTGGACTCAGCTTGGAGCTCGTATCAGAGTTCGTTAAACTTT 
CCTAGTATC/y^CTTTAACTGGAAAGAGGATTCAACTAACGAAGGAGGGGACC 
AAGTTTACCATAATTCTTATTTGGATCTTCCAAGGTATAAGCAGAAGAAAAC 
ATTTTATTGGGATCAGGATCCAGGTACTATTCCAGCTTTGTCTGATGAAATG 

15 AAGCTCATTGGTTTAAGCGCTCAACCAACATACCATCCTTTGGATAGAAGCT 

CATCTGGAAGTTTTGAGTCTGATAGTACAGAATCCGGGCGTGCGAATGAAGA 
AAGAAACGATAC 

2. A method for detecting and/or identifying the presence of Cryptosporidium 
genomic material in a sample, said method comprising the steps of: 

20 (i) selecting at least a primer(s) or probe from nucleotide sequence 

according to claim 1 ; and 

(ii) using the primer(s) or probe to detect and/or identify the 
presence of Cryptosporidium genomic material in the sample. 

3. A method according to claim 2 wherein Cryptosporidium genomic material 
25 in the sample is detected by a hybridisation assay. 

4. A method according to claim 2 wherein the probe or primer(s) is at least 5 
nucleotides in length. 

5. A method according to claim 2 wherein the probe or primer(s) is about 1 0 
to 50 nucleotides in length. 
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6. A method according to claim 2 wherein the probe or primer(s) is about 20 
to 24 nucleotides in length. 

7. A method according to claim 3 wherein the probe or primer(s) is selected 
from one of the following sequences: 



10 



15 



20 



25 



30 



GGTACTGGATAGATAGTGGA 
AGTCCCGTATCAGTTCGAGA 
TTTCTTTCTTCATTCGCACG 
ACGCCCGGATTCTGTACTAT 
ACGCCCGGATTCTGTACTAT 
GTACTATCAGACTCAAAACT 
GTATCGTTTCTTTCTTCATT 
TATCGTTTCTTTCTTCATTC 
TCTTCATTCGCACGCCCGGA 
TTTCTTCATTCGCACGCCCG 
CGTTTCTTTCTTCATTCGCA 
GT AC T AT GAG AC T C AAAAC T 
CTTCCAGATGAGCTTCTATC 
GGTATCGTTTCTTTCTTCAT ; 



TCGCACGCCCGGATTCTGTA 
ACTGGATAGATAGTGGAAGT 
GTGGAAGTCCCGTATCAGTC 
GATAGATAGTGGAAGTCCCG 
CTGAAATTAATTGGACATCA 
G T GGT AC T GG AT AG AT AGT G 
TGGTACTGGATAGATAGTGG 
TAGATAGTGGAAGTCCCGTA 
ATAGTGGAAGTCCCGTATCA 
CTGGATAGATAGTGGAAGTC 
TAATTGGACATCAAGTATAA 
TCTGAAATTAATTGGACATC 
GGTGGTACTGGATAGATAGT 



GAGATTCTGAAATTAATTGG 
GTTGGCTTATAGATTCTGAGC ; GGTTATTAAGATTCAAATTTCC ; 
TCCCGTATCAGTTCGAGATTCTG ; CGAACTCTGATACGAGCTCC7\AGC ; 
ATTCGAGATTCTG7L?\ATTAATTGG ; GAATAGTACCTGGATCCTGATCCC ; 
GATATTGGAGGGTTAGGAAGAAGG; CTGTACAGTTC/^AATTATTGTAACC ; 
GACTGATGAAATTATTAGTAAAGAGC ; CCTCCTTCGTTAGTTGAATCCTC ; 
TCGCACGCCCGGATTCTGTA; CAGTTCAAATTATTGTAGCC ; 
GTTCGAGATTCTGAAATTAATTGG ; GTCCCGTATCAGTTCGAGATTCTG ; 
GGAGGGTTAGGAAGAAGGCCGTG ; GCTTGGGAG7\ATAATTTATCAG ; 
GGGATCAGGATCCAGGTACTATTC ; GTATCGTTTCTTTCTTCATTCGC ; 
GGACCAAGTTTACCATAATTC ; GGAGT^TAATTTATCAGTTGGTC ; 
CAAGGTATAAGCAGAAGAAAAC ; CGCACGCCCGGATTCTGTACTATC ; 
ATGTCTCAAATATCCTGGACTCAG ; GTACTGGATAGATAGTGGAAGTC ; 
CACGGCCTTCTTCCTAACCCTCC ; or GGAAGTCCCGTATCAGTTCGAG , 
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A method for detecting and/or identifying microorganisms of the genus 

Cryptosporidium, comprising the steps of: 

(I) selecting at least a set of primers from the nucleotide sequence 
defined in claim 1 which are specific for Cryptosporidium DNA; 

(ii) mixing the primers with a sample suspected of containing 
Cryptosporidium DNA; 

(iii) amplifying the product(s) of step (ii) by the polymerase chain 
reaction; and 

(iv) detecting the presence of the product of step (ill). 

A method according to claim 7 where in the primers are selected from the 
following primer pairs: 



(i) 



(ii) 



(Iii) 



(iv) 



(V) 



(vi) 



(vii) 



(viii) 



(ix) 



(X) 



5' ACTGGATAGATAGTGGAAGT 3 
5* TTTCTTTCTTCATTCGCACG 3 
5' GTGGAAGTCCCGTATCAGTC 3 
5' ACGCCCGGATTCTGTACTAT 3 
5' GATAGATAGTGGAAGTCCCG 3 
5' ACGCCCGGATTCTGTACTAT 3 
5* CTGAAATTAATTGGACATCA 3 
5' GTACTATCAGACTCAAAACT 3 
5' GTGGTACTGGATAGATAGTG 3 
5* GTATCGTTTCTTTCTTCATT 3 
5' TGGTACTGGATAGATAGTGG 3 
5' TATCGTTTCTTTCTTCATTC 3 
5' TAGATAGTGGAAGTCCCGTA 3 
5' TCTTCATTCGCACGCCCGGA 3 
5' ATAGTGGAAGTCCCGTATCA 3 



g, npTTCTTCATTCGCACGCCCG 3' 



5' CTGGATAGATAGTGGT^AGTC 3 
5' CGTTTCTTTCTTCATTCGCA 3 
5* TAATTGGACATC7VAGTATAA 3 
5' GTACTATCAGACTCAAAACT 3 
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(xi) 



10 



15 



20 



25 



30 



(xii) 



(xili) 



(xlv) 



(XV) 



(xvi) 



(xvii) 



(xvlii) 



(xix) 



(XX) 



(xxi) 



(xxii) 



(xxiii) 



(xxiv) 



(xxv) 



(xxvi) 



5' TCTGAAATTAATTGGACATC 3* 
5' CTTCCAGATGAGCTTCTATC 3' 
5' GGTGGTACTGGATAGATAGT 3' 

5* GGTATCGTTTCTTTCTTCAT 3' 
5* GGTACTGGATAGATAGTGGA 3* 
5' TCGCACGCCCGGATTCTGTA 3' 
5' GAGATTCTGAAATTAATTGG 3' 
5' CCTCCTTCGTTAGTTGiQLATCC 3' 
5' GTTGGCTTATAGATTCTGAGC 3' 
5' CAGTTCAAATTATTGTAGCC 3' 
5' GAGATTCTGAAATTAATTGG 3' 
5' CAGTTCAAATTATTGTAACC 3' 
5' GTTGGCTTATAGATTCTGAGC 3' 
5' CCTCCTTCGTTAGTTGAATCC 3' 
5' TAATTGGACATCAAGTTATAAAGC 3' 
5' GGAAGATCCAAATAAGAATTATGG 3' 
5' GGTTATTAAGATTCAAATTTCC 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' TCCCGTATCAGTTCGAGATTCTG 3' 
5' CGAACTCTGATACGAGCTCCAAGC 3' 
5' GTTCGAGATTCTGAAATTAATTGG 3' 
5* CGAACTCTGATACGAGCTCCAAGC 3' 
5* TAATTGGACATCAAGTTATAAAGC 3* 
5* CGAACTCTGATACGAGCTCCAAGC 3' 
5* GGTTATTAAGATTCAAATTTCC 3' 
5* CGAACTCTGATACGAGCTCCAAGC 3* 
5' TCCCGTATCAGTTCGAGATTCTG 3' 
5* GAATAGTACCTGGATCCTGATCCC 3' 
5' T7^TTGGACATCAAGTTATi\AAGC 3' 
5* GAATAGTACCTGGATCCTGATCCC 3' 
5' GGTTATT/VAGATTCAAATTTCC 3' 
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(xxvii) 



(xxviii) 



10 



15 



20 



25 



30 



(xxix) 



(xxx) 



(xxxi) 



(xxxii) 



(xxxiii) 



(xxxiv) 



(xxxv) 



(xxxvi) 



(xxxvii) 5 



(xxxviii) 



(xxxix) 



(XI) 



(xli) 



GAATAGTACCTGGATCCTGATCCC 3' 
TCCCGTATCAGTTCGAGATTCTG 3' 
GGAAGATCCAAATAAGAATTATGG 3* 
GTTCGAGATTCTGAAATTAATTGG 3' 
GGAAGATCCAAATAAGAATTATGG 3' 
GGTTATTAAGATTCAAATTTCC 3' 
GGAAGATCCAAATAAGAATTATGG 3* 
ATTCGAGATTCTGAAATTAATTGG 3' 
GAATAGTACCTGGATCCTGATCCC 3* 
GATATTGGAGGGTTAGGTU^GAAGG 3' 
CTGTACAGTTCAAATTATTGTAACC 3' 
GACTGATGAAATTATTAGTAAAGAGC 3' 
CCTCCTTCGTTAGTTGAATCCTC 3' 
GGTACTGGATAGATAGTGGAAG 3* 
CCAGAATCATAAGCTACTGTACC 3' 
GTCCCGTATCAGTTCGAGATTCTG 3' 
CCTCCTTCGTTAGTTGAATCCTC 3' 
GGGATCAGGATCCAGGTACTATTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3' 
GCTTGGGAGAATAATTTATCAG 3' 
CCTCCTTCGTTAGTTGAATCCTC 3* 
GGACCAAGTTTACCATAATTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3' 
GGAGT^TAATTTATCAGTTGGTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3' 
CAAGGTATi\AGCAGAAGAAAAC 3* 
CGCACGCCCGGATTCTGTACTATC 3' 
ATGTCTCAAATATCCTGGACTCAG 3' 
CGCACGCCCGGATTCTGTACTATC 3' 
GTACTGGATAGATAGTGGAAGTC 3' 



5* CACGGCCTTCTTCCTAACCCTCC 3* 
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10. A method according to claim 7 where in the primers are selected from the 
following primer pairs: 

(i) 5' GGTACTGGATAGATAGTGGA 3' 
5 5' TCGCACGCCCGGATTCTGTA 3* 

(ii) 5' GAGATTCTGAAATTAATTGG 3* 
5' CCTCCTTCGTTAGTTGAATCC 3' 

(iii) 5' GTTGGCTTATAGATTCTGAGC 3' 
5' CAGTTCAAATTATTGTAGCC 3' 

1 0 (iv) 5' GAGATTCTGAAATTAATTGG 3' 

5* CAGTTCAAATTATTGTAACC 3' 

(v) 5' GTTGGCTTATAGATTCTGAGC 3' 
5' CCTCCTTCGTTAGTTGAATCC 3' 

(vi) 5' TAATTGGACATCAAGTTATAAAGC 3* 
15 5' GGAAGATCCAAATAAGAATTATGG 3' 

(vii) 5' GGTTATTAAGATTCAAATTTCC 3' 

5' CGAACTCTGATACGAGCTCCAAGC 3' 

(viii) 5' TCCCGTATCAGTTCGAGATTCTG 3' 
5* CGAACTCTGATACGAGCTCCAAGC 3' 

20 (ix) 5' GTTCGAGATTCTGAAATTAATTGG ''^ 

5* CGAACTCTGATACGAGCTCCAAGC 3' 

(x) 5* TAATTGGACATCAAGTTATAAAGC 3' 
5* CGAACTCTGATACGAGCTCCAAGC 3' 

(xi) 5' GGTTATTAAGATTCAAATTTCC 3' 
25 5' CGAACTCTGATACGAGCTCCAAGC 3' 

(xii) 5' TCCCGTATCAGTTCGAGATTCTG 3* 
5' GAATAGTACCTGGATCCTGATCCC 3' 

(xiii) 5' TAATTGGACATCAAGTTATAAAGC 3* 
5' GAATAGTACCTGGATCCTGATCCC 3' 

30 (xiv) 5* GGTTATTAAGATTCAAATTTCC 3* 

5' GAATAGTACCTGGATCCTGATCCC 3' 
(XV) 5* TCCCGTATCAGTTCGAGATTCTG 3' 
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10 



15 



20 



25 



(xvi) 



(xvii) 



(xviii) 



(xix) 



(XX) 



(xxi) 



(xxii) 



(xxiii) 



(xxiv) 



(xxv) 



(xxvi) 



(xxvii) 



(xxviii) 



(xxix) 



GGAAGATCCAAAT7=lAGAATTATGG 3' 
GTTCGAGATTCTGAAATTAATTGG 3* 
GGAAGATCCAAATAAGAATTATGG 3* 
GGTTATTAAGATTCAAATTTCC 3' 
GGAAGATCCAAATAAGAATTATGG 3' 
ATTCGAGATTCTGA/yiTTAATTGG 3' 
GAATAGTACCTGGATCCTGATCCC 3' 
GATATTGGAGGGTTAGGAAGAAGG 3' 
CTGTACAGTTCAAATTATTGTAACC 3' 
GACTGATGAAATTATTAGTAAAGAGC 3* 
CCTCCTTCGTTAGTTGAATCCTC 3' 
GGTACTGGATAGATAGTGGAAG 3' 
CCAGAATCATAAGCTACTGTACC 3' 
GTCCCGTATCAGTTCGAGATTCTG 3' 
CCTCCTTCGTTAGTTGAATCCTC 3' 
GGGATCAGGATCCAGGTACTATTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3* 
GCTTGGGAGAATAATTTATCAG 3* 
CCTCCTTCGTTAGTTGAATCCTC 3' 
GGACCAAGTTTACCATAATTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3' 
GGAGAATAATTTATCAGTTGGTC 3' 
GTATCGTTTCTTTCTTCATTCGC 3' 
CAAGGTATAAGCAGAAG/^AAAC 3' 
CGCACGCCCGGATTCTGTACTATC 3* 
ATGTCTCAAATATCCTGGACTCAG 3' 
CGCACGCCCGGATTCTGTACTATC 3' 
GTACTGGATAGATAGTGGAAGTC 3' 
5' CACGGCCTTCTTCCTAACCCTCC 3* 



30 
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11. A method according to claim 7 wherein the primer pair is 
GGTACTGGATAGATAGTGGA (FonA/ard primer) and 
TCGCACGCCCGGATTCTGTA (Reverse primer). 

12, A method according to claim 7 wherein the primer pair is 



GAGATTCTGAAATTAATTGG (Forward 

CCTCCTTCGTTAGTTGAATCC (Reverse primer). 



primer) 



and 



13. A method according to claims 2 or 8 wherein the method includes a further 
step of testing for the viability and or the infectivity of Cryptosporidium 
organisms in the sample. 

10 14. A kit for the detection of Cryptosporidium isolates: the kit comprising at 
least a probe or primer(s) selected from the nucleotide sequence defined in 
claim 1 , which is capable of detecting Cryptosporidium isolates. 

15, A kit according to claim 14 wherein the kit contains a primer pair selected 
from the primers defined in any one of claims 9 to 12. 



15 
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Figure la 




Figure lb 
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Figure 2a 
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Figure 5a 





Figure 5b 
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Figure 6 

Human 1 TATCAGTTCGAGATTCTGAA 

Human 2 GGATAGATAGTGGA AGTCCCGTATCAGTTC GAGATTCT^ AJ\ 

Calf 1 GAT GGTACTGGATAGATAGTGGA AGTCCCGTATCAGTTC GAGATTCTGAA 

Calf 2 TATCAGTTC GAGATTCTGAA 

Human 1 ATTMTTGgACATCAAGTTATAATGCAAGCTGGTTATTAAGATTCAAATT 

Human 2 ATTAATTGG ACATCAAGTTATAATGCAAGCTGGTTATTAAGATTTAAJITT 

Calf 1 ATTAATTGG ACATCAAGTTATAAAGCAAGCTGGTTATTAAGATTrA&A^TT 

Calf 2 ATTAATTGGACATCAAGTTATAAAGCAAGCTGGTTATTAAGATTCAAATT 

Human 1 TCCTTTTGAAAAGTGTGGTTTTTTTGATATTGGAGGGTTAGGAAGAAGGC 

Human 2 TCCTTTTGAAAAGTGTGGTTTTTTTGATATTGGAGGGTTAGGAAGAAGGC 

Calf 1 TCCCTTTGAAAAGTGTGGCTTTTTTGATATTGGAGGGTTAGGAAGAAGGC 

Cal f 2 TCCCTTTGAAAAGTGTGGCTTTTTTGATATTGGAGGGTTAGGAAGAAGGC 

Human X CGTGTTGGCTTATAGATTCTGAGCTTTCTTGTGCAGTTTGTGGTACAGTA 

Human 2 CGTGTTGGCTTATAGATTCTGAGCTTTCTTGTGCAGTTTGTGGTACAGTA 

Calf 1 CGTGTTGGCTTATAGATTCTGAGCTTTCTTGTGCAGTTTGTGGTACAGTA 

Calf 2 CGTGTTGGCTTATAGATTCTGAGCTTTCTTGTGCAGTTTGTGGTACAGTA 

Human 1 GCTTATGATTCTGGTGGACTGAATCCCAATAAATATTCAGAGCTAATTAA 

Human 2 GCTTATGATTCTGGTGGACTGAATCCCAATAAATATTCAGAGCTAATTAA 

Calf 1 GCTTATGATTCTGGTGGGCTGAATCCCAATAAATATTCAGAGCTAATTAA 

Cal f 2 GCTTATGATTCTGGTGGGCTGAATCCC AATAAATATTCAGAGCTAATTAA 

Human 1 GCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATTTTCCAGGCT 

Human 2 GCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATTTTCCAGGCT 

Calf 1 GCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATCTTCCAGGTT 

Calf 2 GCAGACTGATGAAATTATTAGTAAAGAGCCAAAGCTTGATCTTCCAGGTT 
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ACAATAATTTGAACTGTACAGATGCTTGGGAGAATAATTTATCAGTCGGT 

ACAATAATTTGAACTGTACAGATGCTTGGGAGAATAATTTATCAGTTGGT 

ACAATAATTTGAACTGTACAGATGCTTGGGAGAATAATTTATCAGTTGGT 
********************************************** 

CTTTGTCAAAATGTTTCAAATATCCTGGACTCAGCTTGGAGCTCATATCA 

CTTTGTCAAAATGTTTCAAATATCCTGGACTCAGCTTGGAGCTCATATCA 

CTTTGTCAAAATGTCTCAAATATCCTGGACTCAGCTTGGAGCTCGTATCA 

CTTTGTCAAAATGTCTCAAATATCCTGGACTCAGCTTGGAGCTCGTATCA 
************** ***************************** ***** 

GAGTTCGTTAAACTTTCCTAGCATCAACTTTAATTGGAAAGAGGATTCAA 

6AGTTCGTTAAACTTTCCTAGCATCAACTTTAATTGGAAAGA GGATTCAA 

GAGTTCGTTAAACTTTCCTAGTATCAACTTTAACTGGAAAG AGGATTCAA 

GAGTTCGTTAAACTTTCCTAGTATCAACTTTAACTGGAAAGA GGATTCAA 
********************* *********** **************** 

CTAACGAAGGAGG GGACCAAGTTTACCATAATTCTTATTTGGATCTTCCA 
CTAACGAAGGAGG GGACCAAGTTTACCATAATTCTTATTTGGATCTTCCA 
CTAACGAA6GAGG GGACCAAGTTTACCATAATTCTTATTTGGATCTTCCA 
CTAACGAAGGAGG GGACCAAGTTTACCATAATTCTTATTTGGATCTTCCA 
************************************************** 

AGGTATAAGCAGAAGAAAACATTTTATTGGGATCAGGATCCAGGTACTAT 
AGGTATAAGCAGAAGAAAACATTTTATTGGGATCAGGATCCAGGTACTAT 
AGGTATAAGCAGAAGAAAACATTTTATTGGGATCAGGATCCAGGTACTAT 
AGGTATAAGCAGAAGAAAACATTTTATTGGGATCAGGATCCAGGTACTAT 
************************************************** 

TCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTTAAGCGCTCAACCAA 
TCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTTAAGCGCTCAACCAA 
TCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTTAAGCGCTCAACCAA 
TCCAGCTTTGTCTGATGAAATGAAGCTCATTGGTTTAAGCGCTCAACCAA 
************************************************** 

CATACCATCCTTTGGCTAGAAGCTCATCTGGAA 

CATACCATCCTTTGGCTAGAAGCTCATCTGGAAGTTTTGA 

CATACCATCCTTTGGATAGAAGCTCATCTGGAAGTTTTGAGTCTGATAGT 

CATACCATCCTTTGGATAGAAGCTCATCTGGAAGTTTTG 

*************** ***************** 
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